REQUEST FOR RECONSIDERATION UNDER 37 C.F.R. §1.111 
U.S. APPLICATION NO. 09/759,362 

I. The Rejection Based on Imai et al 

Claims 1 and 6-8 are rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 

over Imai et al. 

The Examiner states that Imai et al teach of Applicants 1 claimed elements. The Examiner 
particularly notes that Imai et al discloses onium salts, which the Examiner states meets the 
claimed acid generating compound. The Examiner also notes that Imai et al discloses an additive 
epoxy resin (column 15, line 9), which the Examiner states meets the claimed crosslinking agent. 
The Examiner states that the cyclohexylamine is an amine compound. 

The Examiner, further states that Imai et al does not contain an explicit example of the 
claimed combination of elements, but concludes that the combination of the claimed elements 
would have been obvious to one skilled in the art and that the use of an additive epoxy resin 
would an aid to reduce solubility of the in the developing process and improve resolution and 
photolithographic properties. 

Applicants respectfully submit that the present invention is not obvious over the 
disclosures of Imai et al and request that the Examiner reconsider and withdraw this rejection in 
view of the following remarks. 

Imai et al relates to a positive-working resist composition. Further, in Imai et al, the acid 
generating agent acts as a catalyst for generating an acid for decomposing the crosslinking (see 
Imai et al, column 13, lines 35 to 42). 

To the contrary, the present invention relates to a negative-working resist composition. 
Further, the acid generating agent acts as a catalyst for generating an acid for cross-linking a 
resin. Claimed component (C) is a crosslinking agent causing crosslinking with the resin of 
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component (B) by the action of an acid. In addition, the acid generating agent in the present 
invention is an agent which may generate a radical as well as an acid. Attached is a journal 
article, Radiation Chemistry of Triphenvlsulfonium Salts in EB and X-Rav Chemically 
Amplified Resists-Proton Generation Mechanisms . J. of Photopolymer Science and Tech., Vol. 
11, No. 4, pp. 577-580 (1998), which further explains this point. 

In the present invention, the crosslinking is accelerated by making use of the generated 
radical, carrying out a radical polymerization of a compound having a double bond between a 
carbon atom and carbon atom. That is the reason why a higher sensitivity may be attained. 

The claimed invention is not obvious from and the effect of the claimed invention could 
not be expected from a teaching relating to a positive-working resist that makes use of the 
decomposition of the crosslinking in a image formation, such as disclosed by Imai et al. Rather, 
the effect achieved with the components of Imai et al would be an undesirable effect in positive- 
working resists. 

For the above reasons, it is respectfully submitted that the subject matter of claims 1 and 
6-8 is neither taught by nor made obvious from the disclosures of Imai et al, either alone or in 
combination, and it is requested that the rejection under 35 U.S.C. § 103(a) be reconsidered and 
withdrawn. 

II. Conclusion 

In view of the above, Applicants respectfully submit that their claimed invention is 
allowable and ask that the rejection under 35 U.S.C. §103 be reconsidered and withdrawn. 
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Applicants respectfully submit that this case is in condition for allowance and allowance is 
respectfully solicited. 

If any points remain at issue which the Examiner feels may be best resolved through a 
personal or telephone interview, the Examiner is kindly requested to contact the undersigned at 
the local exchange number listed below. 

Applicants hereby petition for any extension of time which may be required to maintain 
the pendency of this case. The USPTO is directed and authorized to charge all required fees, 
except for the Issue Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also 
credit any overpayments to said Deposit Account. 



Respectfully submitted, 



c 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 



Lee C. Wright 
Registration No. 41,441 



WASHINGTON OFFICE 



23373 



CUSTOMER NUMBER 



Date: February 23, 2004 
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1. Introduction 

After ArF excimer laser lithography, it is neces- 
sary to use a higher energy (shorter wavelength) ex- 
posure source for the mass production of ultra-large- 
scale integrated circuits (ULSIs). There are some 
candidates for the exposure source such as electron 
beams (EB), X-rays, ion beams and so on. These 
emerging exposure sources have enough energy to 
ionize resist materials. It is therefore necessary to 
understand the radiation chemistry in the resists. 

In EB and X-ray lithography, most of the radia- 
tion energy goes through without energy deposition 
in the resists. Hence, the chemically amplified (CA) 
resists are useful because the sensitivity of the re- 
sists can be enhanced by acid catalytic chain reac- 
tions. At the present time, the sensitivity of the EB 
and X-ray CA resists is not high enough. For the 
improvement of the resist sensitivity, investigation 
of the acid generation reactions induced by the ion- 
izing radiation is essential. 

Onium salts [1-5] play an important role as the 
acid generator (AG) in the CA resists. From the re- 
sults of our research, the reaction mechanisms of the 
acid generation have been proposed for EB and X- 
ray CA resists [6]. It is proposed that the main reac- 
tion path of the acid generation is considered to be 
the path through the ionization of a matrix polymer 
because the energy of the ionizing radiation is ab- 
sorbed mostly by the matrix polymer. The contribu- 
tion of direct excitation of the AG is considered to 
be less important. In this work, we obtained further 
supporting results for our estimation by the product 
analysis after y-ray irradiation and the EB pulse ra- 
diolysis. 



2. Experiments 

2.1. Materials 

Triphenylsulfonium triflate (TPS-Tf) and infinite 
pure grade acetonitrile (CH3CN) were obtained from 
Midori Kagaku Co., Ltd. and Wako Pure Chemical 
Industries, Ltd, respectively, and used in the whole 
experiments. 

2.2. y-Ray Radiolysis 

The irradiation of frays was carried out at room 
temperature for Ar-saturated acetonitrile solutions by 
using a 60 Co source. The molar hydrogen-ion (H + ) 
concentration after y-ray irradiation of TPS-Tf 
solutions in acetonitrile was measured with a digital 
pH meter. The measurement of pH was done after 
the solution was diluted with water and the original 
concentration of H + in acetonitrile was calculated. 
Absorbed doses were determined with a ferrous 
sulfate (Fricke) dosimeter. 

2.3. EB Pulse Radiolysis 

The nanosecond EB radiolysis experiments were 
carried out using the L-band linear accelerator 
(LINAC) at the Institute of Scientific and Industrial 
Research, Osaka University. The changes in transient 
absorption of the samples after EB pulses were 
observed using the time-resolved absorption 
spectroscopy. The details of this system are described 
in the previous paper [7], The width and energy of 
an EB pulse from the LINAC were 8 ns and 28 MeV, 
respectively. The absorbed dose per pulse was 
measured to be 93.1 Gy (J / kg) by monitoring the 
transient absorption of hydrated electrons (Xmax = 720 
nm). The values used in the dosimetry were 1.85 x 
10 4 M^cm" 1 for the molar extinction coefficient of 
e s ' and 2.8 for G (ef) value [8J. (The, symbol G 
repj^seniSLXhe-radiation-chemical yield of particles 
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produced per 100 eV radiation energy absorbed by 
the medium.) The sample solutions in quartz cells 
with 20-rnm optical path length were bubbled with 
Ar gas prior to the pulse radiolysis measurement. 
To prevent decomposition of the samples by 
ultraviolet light from the Xe flash monitor lamp, the 
monitor light shorterahan X = 400 nm was cut off 
by a UV40 filter. AH experiments were carried out 
at room temperature. 

3. Results and Discussion 

3.1 . Proton Yield Determination 

The yield of protons induced by the ionizing ra- - 
diation was determined for solutions containing a 
sulfonium salt. Fig. I shows H + concentration after 
the Y-ray radiolysis of TPS-Tf solutions in acetoni- 
trile as a function of absorbed doses. The concen- 
tration of H + in the solution of 10 mM TPS-Tf in- 
creases almost linearly with increasing absorbed 
doses up to about 2 mM. The G (H + ) value for 10 
mM solution determined frpm the initial slope of 
the plot was 2.3. The H + concentration in the solu- 
tion of 100 mM TPS-Tf also increases linearly with 
absorbed doses up to over 1 0 mM. The G (H+) value 
for 100 mM solution was evaluated from the slope 
of the straight line to be 2.6, which is close to the G 
(H + ) value for 10 mM solution. 

3.2, Contribution of Ionization Process to the Acid 
Generation 

When the acetonitrile solution is exposed to the 
ionizing radiation, the acids can be generated by the 
ionization process and excitation process. 

In the ionization process, solvent acetonitrile is 
mainly ionized by radiation because it absorbs most 
of the radiation energy. The primary processes oc- 
curring in the irradiated neat acetonitrile have been 
proposed [9] as follows: 

CHaCN — e" + CH3CN* + (l) 

e- + CH 3 CN -» CH3CN- (2) 

CH 3 CN- + +CH3CN-^#CH 2 CN + CH 3 CNH + (3) 

Irradiation of liquid acetonitrile produces an elec- 
tron and CHnCN** (reaction ( 1)). The electron leads 
to CrfoCN*- (reaction (2)), and the CFbCN** leads 
to •CH2CN by releasing H + to CH 3 CN (reaction (3)). 
In the presence of sulfonium salt, the electrons and 
radical anions (CH3CN-) are scavenged through the 
one-electron reduction of the onium salts [6,10,1 1], 
and the salts are decomposed (reaction (4) and (5)): 

e- + Ph 3 S + X' -> Ph 2 S + Ph» + X- (4) 

(X=S03CF 3 -) 
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Fig. I. Concentration of hydrogen ion generated by the y- 
ray radiolysis of acetonitrile solution containing 10 mM 
(•) and 100 mM (o) TPS-Tf as a function of absorbed 
doses. 

OtOT + PteS+X'-^CFbCN + Ph 2 S + Ph» + X- (5) 

As a result of reaction (4) and (5), the recombination 
of CH 3 CNH + and anionic species (electrons or radi- 
cal anions of acetonitrile) (reaction (6) or (7)) are 
prohibited: 

CH 3 CNH + + e- -> neutral products (6) 

CH3CNH + + CH3CN- -> neutral products (7) 

Thus, the yield and lifetime of H + (existing as 
CH3CNH + in acetonitrile) are increased by adding 
sulfonium salts. 

As the decomposition of onium salts is very fast, 
we observed transient intermediates by nanosecond 
EB pulse radiolysis. Fig.2A (a) shows the transient 
absorption spectrum of intermediates for neat aceto- 
nitrile at 20 ns after EB pulses. There is a broad ab- 
sorption with a maximum at 550 nm in the visible 
region. Broad absorption also exists in the infrared 
region. These transient species were assigned to the 
radical anions of acetonitrile. [9] The radical anions 
exist as a monomelic form (CrfeCN*-) ( W = 1450 
nm) or dimeric form ((CHsCN)^) (Xmw = 550 nm). 
[9] The absorption at around 550 nm is superposi- 
tioned with these two species. Fig. 2B (a) illustrates 
the formation and decay behavior of the anion radi- 
cals. By adding 10 mM sulfonium salt to the aceto- 
nitrile, almost all anionic species were scavenged 
within 20 ns (Fig. 2A(b) and 2B(b)). This is consid- 
ered to be due to reaction (4) and (5). Reported G 
(CftiCN-) value was 2.0 [12] and this value is close 
to the G (H + ) (2.3 for 10 mM TPS-Tf sotution). This 
indicates that anion scavenging by onium salts con- 
tributes greatly to the acid generation. 
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Fig.2. EB pulse radiolysis of (a) neat acetonitrile and (b) 
acetonitrile solution of 10 mM TPS-Tf: (A) transient ab- 
sorption spectra obtained 20 ns after EB pulses; (B) time 
dependent behavior of the absorbance at \ = 550 and 1000 
nm after EB pulses. 

3.3. Contribution of Excitation Process to the Acid 
Generation 

As shown in Fig. 2A(b), a small absorption maxi- 
mum at about 750 nm appeared by adding'lO mM 
TPS-Tf to the acetonitrile. The absorption maximum 
became larger as the concentration of TPS-Tf became 
higher as shown in Fig.3, This absorption at 750 nm 
can be assigned to diphenylsulf ide radical cation 
(Ph2S #+ ), based on the previous results obtained by 
y-radiolysis of diphenylsulfide in halocarbon matri- 
ces at 77 K. [13] The transient absorption (W = 
750 nm) was also observed in laser-flash photolysis 
of the acetonitrile solution of diphenyl(4-phenyl- 
thiophenyl) triphenylsulfonium salt and assigned to 
Ph 2 S #+ . [14] The Ph 2 S* + is considered to be the inter- 
mediate from the decomposition via excited states 
of TPS-Tf [1-5], This means that the excitation of 
sulfonium salt occurred by the EB pulse irradiation. 
Decomposition from excited states of a onium salt 
in the radiation-induced reaction is thought to be simi- 
lar to that in the light-induced reaction (reaction (8) 
and (9)) [3-5] : 



[PbS + xr ^ Ph 2 S'+ + Ph* + X- 



(8) 
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Fig.3. EB pulse radiolysis of acetonitrile solutions of (a) 
100 mM, (b) 200 mM, (c) 300 mM and (d) 500 mM TPS- 
Tf: (A) transient absorption spectra obtained immediately 
after EB pulses; (B) time dependent behavior of the ab- 
sorbance at X = 750 nm after EB pulses. 



[Ph 3 S + X]* 



Ph 2 S + Ph + + X 



(9) 



The decomposition from excited states results in the 
homolytic (reaction (8)) and heterolytic (reaction (9)) 
cleavage of C-S bond. [4] Homolytic cleavage di- 
rectly produces the PinS^- Ph> pair. In contrast, het- 
erolytic cleavage produces PlnS - Ph + pair. [4] In the 
heterolytic cleavage, Ph 2 S - Ph + pair is energetically 
less stable than the Ph 2 S #+ - Ph> pair, and, therefore, 
electron transfer from Ph 2 S to Ph + partly occurs, re- 
sulting in Ph 2 S #+ - Ph« pair (reaction (10)) [4]: 



Ph 2 S + Ph + -» Ph 2 S* + + Ph» 



(10) 



Thus, the absorption at 750 nm observed in the pulse 
radiolysis is considered to be due to the Ph 2 S** from 
homolytic cleavage and also from heterolytic cleav- 
age of C-S bond. After Ph 2 S #+ is generated, the acid 
can be generated by hydrogen abstraction from sol- 
vent (reaction ( 11 )) or addition of Ph« to Ph 2 S* + (re- 
action (12)). [4] 

Ph 2 S #+ + CH3CN -> Ph 2 SH + +«CH 2 CN (11) 
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Fig.4. Yields of Ph?S" + in the EB pulse radiolysis of TPS- 
Tf in aeetonitrile plotted as a function of concentration of 
TPS-Tf 

Ph2S- + + Ph* PhPhSPh+H + (12) 

Ph2S ,+ generated by EB pulse radiolysis has 
enough lifetime to evaluate the yield as shown in 
Fig.3B, Thus, we estimated the yields of Pti2S* + in 
aeetonitrile by varying the concentration of the onium 
salt. Fig.4 shows G (Ph,S-) value in the EB pulse 
radiolysis of TPS-Tf in aeetonitrile plotted as a func- 
tion of concentration of TPS-Tf. To calculate the G 
(Ph 2 S 4+ ), the molar extinction coefficient of Ph 2 S* + 
was evaluated by the comparison between absorp- 
tion of Ph 2 S'*and biphenyl radical cation after EB 
pulse irradiation in dichloromethane. The reported 
value for the molar extinction coefficient of biphe- 
nyl radical cation is 1 .66 x 10 4 Nt 'crn 1 *t X = 690 
nm. [15] Using this value, the molar extinction coef- 
ficient of Ph 2 S' + was calculated to be 1.0 x lC^M" 
'cnr 1 . In Fig. 4, the G (Ph 2 S 4+ ) value increases with 
the TPS-Tf concentration," This means that excita- 
tion of onium salt increases with the TPS-Tf con- 
centration. The G (Ph^) values for 10 mM and 
1 00 mM TPS-Tf solutions were 0.04 and 0.2, respec- 
tively. This value is quite small compared to the acid 
yield, the G (H + ) - 2.3 and 2.6 for 10 mM and 100 
mM TPS-Tf solutions, respectively. The increased 
G (H + ) value for 100 mM TPS-Tf solution compared 
to 10 mM TPS-Tf solution can be explained by the 
increase in acid generation from decomposition 
through excited state of onium salts (reaction (8) and 
(9)) in addition to the increase in efficiency of the 
electron scavenging (reaction (4) or (5)). 

4. Conclusion 

The radiation chemical yields of protons and in- 
termediates from sulfonium salt decomposition were 
determined in aeetonitrile solutions. These results 



support our estimation that the main path of acid gen- 
eration induced by ionizing radiation is the onium 
salt decomposition through the ionization of a ma- 
trix. The contribution of the sulfonium salt decom- 
position through excited states increased with con- 
centration of onium salts but it was much lower than 
that through ionization of the matrix. 
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